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1. GENEEiAL 

1,01 This secfca-on is intended to provide REA borrowers, consisting 

3 .nd other interested parties \)ith techro-cal mlormation 
on tJie f'BEnfiaiQentals of carrier erjuipnent for subscidber and trunk 
applications. It Is not intended to provide a complete descrip- 
tion of cairrier theory since this wouH.d be beyond the scope oi 
this Hanxieal. Detailed application inforuation for carrier' 
systems be found in other sections of the Manual. 

1.02! The term ’^Carrier System" is used herein to describe equipment 
>diich prowides additional talking ai-id signaling paths over* -wire 
circuits mthout interfering with the normal use of these circuits, 

For telegifeonio applications a carrier system can generally be 
classifiwS as either a trunk or a subscri.ber type, depending 
upon the ifeerminatj ons employed at tlie tenninals of the system. 

1.03' Various t^pes of trunk carrier systems are used to provide 

additionaJL telephone trunks between central offices by super- 
imposing "Shera on any of the following types of facilities: 

(a) Opcstt wire lines together with entrance cable at each end 
of tihe circuit. In addition, intermediate cables may also 
be pscesent in certain arrangements. 
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(b) Cable pairs interconnecting the central offices. 

(c) subtly modified carrier systems on electric transmission 
or distnoutxon lines over a portion of the route together 
wti open vare or cable pairs, or comoinations of these 
tauter tvro facilities, at the central office ends of tlaese 

ClX'CVm. uS • 

Slightly modified trunk carrier systems to provide fre- 
quency oi vision m^atiplexingw of radio equipment in order 
to provide trun^ circuits by means of point-to-point 
radio systems. mu 

(See REA-TE & CM-930) 

Various of subscriber carrier systems can be used to 

provide ad^tional telephone subscriber circuits beWeen a ' 
central office and remotely located subscribers or groups of 

t^^'ror?:cuiSe:f ^ 


(d) 


(a) Open wire lines hath entrance cable or multi -pair dis- 
tnoution vdre at one end of the circuit. 

(b) 


(c) 


(d) 


1* ulti-^pair distribution wire or cable pairs. 

saightly nodiried carrier systems on electric distribu- 
on lines over the major portion of the route to-'ether 
vatu open uire or cable pairs, cr combinaUcns cl" these 
latter t«. facilities, at the central office end of 
these circuits. 

Slightly mo^fied subscrioer carrier sj^stems to pro^ridc 
requency division multiplexing of radio equipment in 
order bo provide subscriber circuits by means of point- 
to-point radio systems. 

(See iiEA-TE & CM-930) 


1.05 A basic carrier system for supplying or' 
or subscriber line usually consists of 
by a wire pair or a radio system. Eac 
contains a low power transmitter and a 
frequencies differ sufficiently so as 
operation of each without interference 
and signaling equipment to f>ermit prop 
tion with the opposite carrier termina 
ing and signaling equipanent distinguis 
system from a trunk carrier system. A 
can be further subdivided into several 


*A metood of transinittlhg“anci receiving two or m< 
on the same radio frequency carrier wave. 


- 2 - 




“ i ” 7 JL 


vci.cuum tube or metallic rectifiers foV power supplies, vacuum 
tudse or transistor amplifiers and oscillators, vacuum tube, 
trtansistor or varistor modulators and demodulators, hybrid 
cXETCuits, relays and signaling arrangements. Before consider- 
lEHg how a carrier channel functions a brief explanation of the 
various components mentioned above will be given. | 

1.. WAVE PILOTS^ i 

. 1 

2.01 Qrue of the most important groups of components for a^ carrier 
syvstem are wave filters. These devices make it possible to > 
utilize various carrier frequencies simultaneously without | 
iraiterference and together with amplifiers, they make carrier 
techniques practicable for telephone applications. A wave 
fxlter is defined as a selective netv;oi*k designed to have a 
transmission loss to currents over a certai-n 
definite range or ranges of frequencies while having an 
apjpreciable loss at all other frequencies. Wave filters 
ctMisist of vaidous combinations of inductors and capacitors 
ojT resistors and capacitoi’s inserted in circuits to derive 
tte desired results. The more commonly used types of wave 
filters can be classified as followss 

2'-'011 Low Pass - A low pass filter is a structure which 

‘readily passes currents of all frequencies from zero 
up to a certain frequency (called the cut-off l^equency) 
and which effectually bars currents of all highs'^ fre- 
quencies. 

2^«ei2 High Pass - A high pass filter is one vhich passes 
currents of all frequencies from infinity down to a 
certain frequency (also called the cut-off frequency), 
and effectually bars currents of all lower frequencies. 

2-©13 Band Pass - A band pass filter is one vjhich readily 

passes currents that lie between two cut-off frequencies 
and effectually bars currents of all frequencies outside 
of this range. 

ajDlli Band Elimination - A band elimination filter is a 
structure >diich effectually bars currents that lie 
between two cut-off frequencies and readily passes 
currents of all frequencies outside of this range. 

2.02 TlaiB first three types of filters defjjied aoove are usually 

entffjloyed in most carrier systems as will be explained later, 
wJaile the fourth type of filter is used in carrier systems 
employing certain types of signaling arrangements and in 
social line treatment applications. Manufacturers sometimes 


1. •'TransnoijBSion Circuits for Telephonic Communication" by K, S. Johnson, 
D. Van Itostrand Co., Inc., 1924, Chapter XVI, Paee 180. 
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^IK;s/ror 1 iitrs;r 4 r:u^ filters, 
bridged station Mupllng neUorks. Some of 

SeS'rilteS'Ju be further described in subsequent par-a- 
graphs or in other sections of the Manual. 

.03 A combination of a lov pass and a ^igii P^ss 
in thp saire enclosure > is commonly rex ei red 

^,ao^ forms of line filters are uidely used in 

cairS; system applicaUons. Some of their more common 
applications are listed below. 

2,031 For separating currents at voice frequencies from 
currents at carrier frequencies. 

r:.s3rr™-=.r,jKr..'a^^^ “X/ 

systems utilize the same ^cire pair. 

2 0-^3 For confining carrier currents to oi^y the ^®sired 
direction of transmission in some situations 
furrier systems are bridged onto the pair 

at vaSoS locations along a route. This application 
preTCnls additional attenuation of carrier 
due to bridged open circuited taps, resonance . 

etc. 

2.O3I1 For providing various bypassing 

carrier currents from one voice frequen y 

another » 

2.035 For bypassing earlier currents around intemediate voice 
frequency repeaters « 

2.036 For bypassing uoice frequency currents around carrier 
frequency repeaters. 

2 Ok line filters are designed for mounting at carrier t^mls 

-re 

electrical protective arrangements, impedance matching an 
balancing devices. 

frori-fK^fo S'i^I'ifsrpeXpfse^ 

- ll - 
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trunk circuit. In this situation line filters v;ould be 
added to this circuit as shown in Fig* !• 1’he low pass 
filter portion of the line filter would prooahly have a 
cut-off frequency in the vicinity of 3*2 KC, depending upon 
the particular filters utilized. 

2.051 Currents of any frequency above this cutoff frequency 
resulting from the use of any telephone instruments 

or other apparatus present on the physical trunk circuit 
at either central office are prevented from causing 
possible interference to the operation of the carrier 
systaii by being attenuated sufficiently before reaching 
the wire, pair used for transmitting both voice and 
carrier cui’rents between the central offices. 

2.052 The low pass filters also prevent any currents at carrier 
frequencies viiich are on the vdre pair between the filters 
from reaching the physical trunk circuits at the central 
offices so as to prevent increased attenuation of the 
carrier currents by equipment bid-dgeo across the physical 
trunk circuit or other circuits to which it is switched 

as well as preventing possible interfering effects to 
voice frequency transmission on the physical circuit due 
to xmdesired demodiilation of carider currents by 
varistors, etc. which may be present in the central 
offices, telephone instruments, etc. 

2.053 The high pass filters will pass currents of all fre- 
quencies above 3.2 KC. Therefore, currents at the 
cai'rier frequencies (3*5 KC to 35 KC) can be trans- 
mitted between the central offices by means of the 
same wire pair used for voice cun'ents. 

2,051^ The high pass filters also prevent currents on this 
wire pair at frequencies below approximately 3.2 KC, 
from reaching the cander apparatus at levels wliich 
could interfere with its normal operation, 

2.06 From this example, it can be seen how a single pair of wires 
can be utilized for both voice and carrier operation without 
mutual interference. Similarly, line filters as used in the 
other applications mentioned in Par. 2.03 effectively isolate 
higher frequency carrier currents from lower frequency carider 
currents and voice currents. The function of these line 
filters is similar to that described above but the cutoff 
frequencies can be changed for the particular application. 

Other examples of wave filter usage will be given, in subsequent 
paragraphs. 

3. RECTIFIERS 

3.01 Rectifiers are electronic devices for convorting alternating 
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currents to direct currents. A rectifier circuit consists 
of one or more vacuum or gas filled diode tubes (t^.'o element) 
or metallic or semi-conductor types of diodes together vnth 
the necessary inductors, capacitors, transformers, etc. for 
providing a filtered direct current at the desired voltage. 
Rectifier cxrcuits are used in A.C. powered carrier equipnent 
for providing the proper D.C. voltages and currents for 
application to the various eleiftents of vacuum tube or transistor 
circuits. 

3*02 Rectifiers (diodes) are also used in carrier equipnent for 

modulation, demodulation, amplitude limiting, and in various 
signaling transmitting and receiving arrangements. These 
functi.ons vdll be further explained in subsequent paragraphs. 

k . AMPLIFIERS 

11.01 Amplifiers are electronic devices for providing an increase 
in the strengtli of caiTier or voice frequency currents in 
order to overcome unavoidable transmission losses incurred 
in >ri.re lines, filters, networks and other equipment used in 
telephone plant. An amplifier stage usually consists of an 
amplifying type of vacuum tube or transistor together with 
associated resistors, inductors, capacitors, transformers and 
power supply. In some instances, several stages of amplifica- 
tion may be necessary for either carrier or voice frequency 
currents in order to obtain the desired output power. Modern 
amplifiers caji be designed to provide almost any degree of 
gain required but, in general, amplifiers are usually designed 
to provide onl\ sufficient gain over tl\e reqviired frequency 
range for the type of equipment in which they are used. The 
various types of amplifiers used in carrier systems must not 
introduce excessive noise or distortion^ to carrier or voice 
frequency currents. 

5. OSCILIATCRS 

5.01 Oscillators as used in carrier systems refer to vaiious types 
of electronic devices utilizing the amiplifying ability of 
vacuum tubes or transistors in such a way that sustained 
alternating cui'rents are generated at either voice or carrier 
frequencies. The frequency at which an oscillator operates 
is usually determined by the proper combination of circuit 
components used in conjunction with the amplifying device. 
Frequency deteriidning components are usually either combinations 
of inductors and capacitors or resistors and capacitors, or 
quartz crystals of various thicknesses. In addition to the 
amplifying device and frequency determining components an 
oscillator is also compo'sed of additional resistors, cap)acltorSj 
inductors and a power supply, * 


2 . 


The production of an output waveform which is not a true reproduction 
of the input v;aveform, 

- 6 - 
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02 Oscillators are used in the modulation process of carrier 
systems (Par. 6) for translarJne voice frequency currents 
into a desired position in the carrier frequency spectrum 
Xoi* transnd-ssion over a circuit at cairier frequencies. 

They also provide a means for transmitting dial ptilssj ring— 
ing informa tionj pi3.ot channel levels and other signaling 
fvmctions necessary for proper carrier system operation. 

6. MODULATION 

6.01 Modulation is a process vhich employs electronic devices such 
as vacuum tube, transistor, or vari-stor arrangements for 
mixing the carrier frequency currents (generated by the 
oscillator) and voice frequency currents in order to transrdt 
intelligence at carrier frequencies, 

6.02 Amplitude modulation is a complex phenomena In wnicb the 
mixing of currents at voice and cai'rier frequencies to vary 
the carrier curi'ent amplitude results in the generation of 
currents of various other frequencies and bands of frequencie 
The suiu and difference of the carrier frequency and the band 
of voice frequencies which modulated it are particularly 
important and are called the upper and lover sidebands, 
respectively. 

6.03 The amplitude modulation principle applies generally to 
carrier systems employing either double s3 deband carrier 
transnitted, single sideband carrier transmitted, and single 
sideband carrier suppressed modulating techniques, 

6.014 As an example of sideband generation in an amplitude modulate 
carrier system consider the situation vhere a 10 kilocycle 
cari'ier frequency current is modulated by a band of voice 
frequency currents ranging from 250 to 2b00 cycles per second 
Currents of these frequencies are mixed in the modulator 
circuit. The output of the modulator vdll contain currents 
in a lower sideband (carrier frequency minus voice frequency 
band) extending from 7,2 KC to 9.75 KC and currents in an 
upper sideband (carriep frequency plus voice frequency band) 
extending from 10.25 KC to 12.8 KC. Either of these sidebanc 
contain the desired intelligence for transr>d.ttal over the 
circuit at carrier frequencies. The carrier frequency of 10 
KC may or may not appear in the demodulator output, dependin' 
upon the type of modulator circuitpr utilized. 

6,014! Carrier systems employing a double sideband transmit t< 
carrier modulating technique would, for the example 
given above, transnJt currents of the lower sideband 
(7«2 KC to 9.75 KC), the carrier frequency (10 KC) 
and the upper sideband (10,25 KC to 12.8 KC). 


- 7 - 
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Cari’ier systems employing a single sideband transmitted 
carrier modulating technique vxsuld, for the example 
given in Par,, 6«Ol4, transmit currents at either the 
lower or upper sideband plus the carrier frequency. 

The wanted sideband and the carrier frequency would 
be transmitted tlu'ough the proper type of bandpass 
filter (Par, 2.013) with little attenuation, viiile 
the unvjanted sideband would be rejected by this same 
filter. 

Cai’rier systems employing a single sideband suppressed 
carrier modulating technique would, for the example 
given in Par. 6.OJ4, transmit currents of either the 
lower or the upper sideband only. The modulator cir- 
cuitry vjould probably be of a type in whjch the carrier 
frequency itself would be suppressed while the wanted 
sideband wouia be transmitted by means of the proper 
type of bandpass filter. The vmwanted sideband would 
be rejected by this same filter. 

6.05 It can be seen from the above paragraphs that the amount of 
frequency spectrum occupied by an amplitude modulated carrier 
system dei«nds upon the modulating technique adapted and the 
filter characteristics. 

6.06 A simplified diagram of a vacuum tube type modulator someiimes 
used in carri.er systems in shown in Fig. 2. In this type of 
circuit carrier frequency voltage derived froti. an oscillator 
is applied in series with the normal negative bias voltage 
for the vacum tubes. This carrier frequency voltage is 
applied in the same phase to both vacuxm tube grids. The 
resultant carrier frequency currents in the plate cir cults 

of the tubes are in such directions that no carrier frequency 
current is available at the secondary of output transf'"^'"" 
(T2.) In this manner the carrier frequency can be 

The voice frequency voltages are, however, 

in a iranner similar to that of an orf’’* 
stage rdiere the grids are out of phs 
modulation, the output of T2 will c< 

and upper sidebands, the voice frequency oana and a certain 
small amount of other unwanted frequency components resulting 
from modulation. A bandpass wave filter is usually connectad 
between the output of T2 and the carrier line . This filter 
selects currents of the desired sideband to be transmitted 
and suppresses all other unwanted modulation products. 

6.07 Copper ojd.de, germanium, and various silicon junction alloys 
are receiving increased use for modulators in lieu, of vacuum 

^ tube types in modem carrier equipment designs ^ploying 


6 . 01|2 


6.0i|3 
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amplitude modulation techniques.^ A simplified £ 
a modulator circuit v.'hich could use any of the ty 
components mentioned above is shovn in Fig. 3. 1 

are connected to act effectively like a svdtch, o 
closing at a rate equal to the frequency of the 0 
The action of the circuit is such that the caride 
frequency cvirrents mix to form a lower ajid an upp 
but the caiTier frequency current is again suppre 
the output due to the circuitry employed. This t, 
figuration is only one of several types that can 
for producing amplitude modulation idthout vacuum 

6.08 In a frequency or phase modulated carrier system 
carrier frequency currents or the phase of the ca 
queney currents is made to vary at a rate win ch i, 
of the voice or signaling currents to be transmit 
addition, the carrier frequency deviates during dk 
within fixed limits above and below its center fr< 
(no modulation). The amplitude of the caraitr fr< 
not made to vary in order to transmit inteiligenc< 
this form of nodulation technique. 

6.081 Frequency and phase moduilatLon systems are 
different. The terms “frequency modulatioi 
modulation" merely denote which parameter 3 
accordance with the modulating wave (voice 
be transi^tted) , since any variation of the 
a sinusoidal carrier frequency is accompard 
frequency variati on while ary frequency cha 
involves a phase change. ^ 

6.082 Frequency and phase modulation are both ase 
systems, although the carrier systems are c 
referred to as frequency modulated types de 
differences in modulator ■ circuitry . Phase* 
carrier systems usually have their oscillat 
quencies crystal controlled, while frequenc 
systems usually employ reactance tube modul 
with suitable frequency stabilization techri 

6.09 Both frequency and phase modulation are a complex 
which create a large number of sidebands in additi 
carrier frequency as compared with only the upper 
sidebands of amplitude modulated carrier i^s terns, 
magnitude of the carrier frequency and sidebands d 


1. Varistor Modulators for Carrier Systems, by R. S. Caruth 
Electric Co. AIEE Paper No. 51»~218. 

2. Modulation Theory - By H. S. Black, D. Van Nostrand Co., 

3. Principles of Electricity Applied to Telephone and Teleg 
1953 Edition, Pg. 262, AT&T Co. 
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■the amount of frequency or phase deviation for the part 
anodulatxng frequencies used. Although many sidebands a 
created by these modulating processes it is practical t 
t-ransaiit only those pairs which contain most of the tot. 
ener^ and still maintain low distortion. This approad 
(considerably reduces the bandwidth needed for transmit! 
and receiving frequency or phase modulated carriers, bu 
somev&at greater bandwidth is still needed as compared ' 
that required with amplitude modulated, carriers. Althoi 
requiring greater bandvldth, some types of frequency or 
Kiodulated carrier systems have advantages over some tyct 
amp^tude modulated carrier systems from the standpoint 
BTiinimiaing interference resulting from particular types 
noise and other extraneous signals. 

7. DH'^ODUMTIOF 


7.01 Eteraodulation is a process viiich employs electronic devic 
such as vacuum tubes, transistors, or varistors in arran 
ments for separating the desired voice frequency intelli 
from the received modulated carrier sideband or sideband 

7.02 Bemodulator circuits for single sideband suppressed carr 
^sterns are veiy sindlar to the modulator circuits as sh 
xn Figures 2 and 3. In these circuits carrier frequency 
current obtained from a local oscillator (viiich is the s, 
as the oscillator frequency at the transmitted end of thi 
carrier system) is mixed with the inconlng sideband, llv 
BQ-xing- of frequencies in this circuit again results in tl 
^neration of an upper and a lower sideband 1 ^hile the os( 
frequency is suppressed in the output due to the balance< 
■feransiomer grindings. 


7.03 


&s an exampte of demodulation in a single sideband suppre 
carraer system consider the situation viiere currents at I 

^ carrier (Par, 6.01^) extending J 

T.-2 KC 9.75 KC are transmitted to the opposite termins 
and accepted by the carrier receiver. After amplificatic 
at ca^er frequencies this sideband is applied to a demc 
circuit where it is mixed with a locally generated oscill 
requency of 10 KC. Among the various products of demodu 
wail be currents of a lower sideband (carrier frequency u 
received sideband frequency) extending from 250 to 2600 c 
amd an upper sideband (carrier frequency plus received si 
^tending frem 20.25 KC to 22.8 KC, The carrier frequenc 
me unvi^ted sideband .(20.25 KC to 22.8 KC) and other unw 
BUBdulation products are removed from the desired voice fr 
(jiaencies by means of wave filters, balanced transformer 
voind^s, etc. The resulting voice frequency (lower side 
sfaould have relatively little distortion after going thro 
me processes of modulation at the transmitter, trananitt, 
tfiie line ana demodulation at the receiver. 
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7.01} Demodulator circuits for both single sideband transmitted 

carrier systems and double sideoand transmitted cari’ier systenis 
p6i"form in essGntia!J.Dy the same manner to recover the audio 
frequency inteJligence . The major difference in the demodulator 
circuitry for these systems as compared >dth suppressed carrier 
systems is the fact that a locally generated oscillator frequency 
corresponding to the oscillator at the modulator terminal is 
not necessary since the carrier frequency itself is transirdtted 
together ’with the sideband ird'.n’mation. 

7.0^ Demodulators for frequency or phase modulated carrier systems 
differ considerably from those used in amplitude modulated 
systems. In a frequency or phase modulated receiver the 
desired carrier and its sn debands are selected by a bandpass 
filter and amplified in the normal manner. They are then 
passed Uirough a limiter circuit, which is an ainplifier designed 
to produce only a small amount of amplitude gain. After a 
•carrier and sideband input level is reached where carrier fre- 
quency ampJifier gain no longer occurs any increase in the 
araplitude of the received carrier frequency or its sidebands 
does not result in any increase in amplitude at the limiter output. 

swch an arrangement the amplitude of the received carrier 
and its^ sidebands can vary appreciably but, if the received 
signal is still strong enough to cause limiting action, the 
carrier system beyond this stage is insensitive to any amplitude 
v^iataons caused by modulation, noise, line attenuation varia- 
tions, etc. The limiter stage thus removes all amplitude 
variations fix)m received intelligence prior to demodulation. 
Following the limiter stage only the resulting frequency or 
phase variations of the carrier frequency and its sidebands 
are applied to a discriminator circuit. The discriminator 
circuit is frequency sensitive and produces audio frequency 
voltages in accordance with the frequency or phase deviations 
imparted to the carrier frequency at the modulator stage. 

The disc nmina tor circuit consists of either vacuum tube or 
vaiustor networks together with associated components. 

7*06 There is another type of demodulator for frequency or phase 
modulated signals that requires no limiter stage but it is 
not presently used in career equipment now employed in 
telephone systems. 

HYBRID CIRCUITS 

6.01 Hybrid circuits of various types are used in both trunk and 
subscriber carrier temd.nals for conversion of the two vdre 
voice frequency drop, (tip and ring leads) which is commonly 
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used for both trcmsirdtting and receiving of voice frequency 
currents^ into a separate two vd.re transniitting branch and a 
tw wire receiving branch vihile providing a large transmission 
loss directly between tliese branches. The convei’sion from 
two to foJir vQ.re operation at carrier terminals is necessary 
because the amplifiers^ modulators^ demodulators ^ etc.^ as 
are used in carrier transiidtters and receivers operate in 
only one direction of transmission. Hybrid circuits are 
composed of one or more transformers or a network of resistors 
together \d.th a voice frequency impedance balancing network. 

These components are interconnected in a manner somewhat 
resembling a VSneatstone biddge circuit and terminals are 
usually provided for the two wire dropj the transmitting 
branchy the receiving branch and the voice frequency impedance 
balancing network. 

8.02 Hybrid circuits when properly balanced at each carrier terminal- 
pennit amplified voice frequency power in the receiving branches 
to be transmitted to telephone instruments, switchboards, or 
other trunks connected to the two wire dixjps with minim^un 
loss, pemiit voice frequency power from the transmitters of 
telephone insti'wients connected to the two wire drops to be 
properly applied to the carider transmitter modulators and 
simultaneously provide large transmission losses for any 
receiving branch power vrtiich enters the ti’ansmitting branch. 

Tills latter action aids in preventing undesirable hollovmess 

or singing (oscillation) from occurring during carrier system 
operation. The prevention of singing will be further described 
in Par, S.Oi;. 

8.03 Fig. J 4 is a simplified schematic diagram showing transformer 
type hybrid circuit connections for a carrier channel operating 
between A and B. Although the hybrid circuits do not resemble 
schematically any type of bridge circuit they have been evolved 
from such an arrangement. The arr-ows show the directions of 
transmission at both voice and carrier frequencies. Voice 
frequencies to be transmitted from tenrinal A to terminal B, 
are coupled from the T and R leads to the transmitting branch 
at terminal A. They modulate the carrier frequency at trans- 
mitter T1 and the resultant modulated carrier frequency fl is 
transiTiittecl ove.r the wire pair linking the terminals. At termin< 
B demodulation takes place in the R1 receiver and the resultant 
voice frequencies are applied to the receiving branch of the 
hybrid terminal- The receiving branch connects vdth the T and 

R terminals in such a manner tliat when the balancing network 
at terminal B closely simulates the impedance of the circuit 
connected to the T and R terminals the voice frequencies are 
transniitted with a minimum loss in the desired direction of 
transKiission (shown by solid arrow) vhile a large transmission 
loss occurs for received voice frequencies wliich enter the 
transmitting branch. Transmission between B and A, shown by 
the dashed arrows, takes place in a manner similar to that 
described above. 
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C 

B.Oit Sing,i.ng will occvir around the effective four vdre portion oi ^ 

a ca^’rier d-rcuit such as shown iu Fig# i| (separate frequencies 
are xaaed for both dii'ections of transmission) if the sum of 
the s.mplification gains, around the four vare portion exceeds 
the sum of the transmission losses around this loop. In Fig. 
i 4 the- gains are provided by Tl, Rl, T2, and R2 while the losses 
are provided by the line connecting the cam.ei’ teiroinals and 
the losses betvieen the receiving and transmitting branches of 
both hybrid circuits. Ihe transmiss3.on losses at carrier 
frequencies on the line connecting the caiu-iei' tenninals are 
a function of the type of open mre and cable facilities 
utilx'sed and are overcome to a large extent by smplifiei s. 
Variations in the losses of this line due to yet or dry 
weatfft'-ir condi Lions, s3.eet, temperature variations, etc. ai’e 
sometimes compensated' for by the use of carrier system 
regulators (Par. 9.) The transiiu.ssion losses provided between 
the jneceiving and ti’ansndtting branches of each hybrid circuit, 
howe-'^sr, are a function of how well the balancing networks. 
siiniiT_ate the impedance of tlie circuits to ■which both of the 
voice frequency drops of the carrier tenninals are switched, 
therefore it may be possible to achieve a large loss between 
these branches when they are switched to certain voice fre- 
querwuLy lines and. vei^ low losses, wito the piossible dangei ^ 
of hollowness or singing effects, vhen switched to ether lines. 
Since "the impedance variations between voice frequency lines 
may he substantial it is not possible to design one balancing 
network whose impedance will simulate all the impedances 
encarjiiitered, therefore a coniprcmise impedance balancing network 
is usually provided in most carrier systems. 

8.05 It i.‘5 further desirable in carrier system operation that the 
sum of the losses around the four wire portion of the circuit 
exceed the sum of the gains even under the worst possible 
con±?tions of hybrid balance that may be encountered. This 
requJ.rement, while guarding against any possibility of hollow- 
nes£6 or singing, usually results in the adjustment of the 
various gain controls of the carrier system in such a manner 
that it operates at an overall voice frequency net loss even 
though the gain capabilities of the equipment wovild make 
it possible under conditions of better hybrid balance to 
operate at lower voice frequency net losses, at zero net 
loss: or even possibly at a net gain. 

8-.06 As api example of a carrier channel operating at a voice fre- 
quenticy net loss of I 4 db, such as might be encoun'tered in 
certain trunk carrier applications, again consider the system 
showrj in F3.g. l|. If a 1000 c.p.s. tone at a power of 0 dbm 
(1 milliwatt in 600 ohms) were applied to the T and R leads 
at carrier terminal A and the various gain controls in Tl 
and Rl were adjusted so that the I'eproduced 1000 c.p.s. tone 
is applied to a 6 OO ohm resistor connected to the T and R 
lead^ at terminal B at a power of -ij dbm the carri er channel 
wouXd be operating at a Ij db net loss^in the A to B direction. 
Similar adjustments in the opposite direction* of transmission 
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usually ■would be njade so that the system operates W3.th a 
db net loss in both directions of transjd ssion. Wi'th 
the carrier system adjusted as described above singing vrould 
probably not occur even under the worst conditions of hybrid 
balance that may be encountered. 

9. CAilRIER SYSlWi REOUUTION 

9»0l V/henever trunlc or subsciuber carrier channels are installed 
and functioning properly the various gain controls have 
usually been adjusted in such a manner that these cliannels 
are operating at a voice frequency net loss. This procedure, 
as described previously, ^ards against the possibility of 
hollowness or singing talcing place during conditions of poor 
hybi’id balance. Vihen the cai'rier frequency attenua'tdon of 
the vdre pair connecting ■the carrier ■benninals varies as a 
result of wet or dry weather conditions, sleet or ice forming 
on open wire lines, temperature changes, line leakage changes, 
etc., the voice frequency net loss vrill also vary as a result 
of this attenuation variation 'unless some form of regulator 
is ■used to adjust the system gains so as to compensate for 
this varia'tion, 

9«02 As a quanti'bative example consider a situation wliere an open 
vdre carrier deidved trunk is operating at a net loss of h 
db \jhen the dry weather attenuation of the open ■wire circuit 
at the carider frequencies utilized is 18 db. Assume that 
vhen wot weather, sleet, etc., occurs the attenuation of this 
circiut at these carrier frequencies increases by 6 db, 
with the voice frequency net loss then becoming 10 db. In 
some trunlc applications this net loss may be excessive and 
would result in a poor grade of transmission until such time 
that the line attenuation decreased to its original value of 
18 db.-s- Where carrier ^stem regulation is utilized in a 
similar situation, however, the regulators at both terminals 
will automatically control the receiver gains in sucdi a 
manner ■that the ij db net loss will remain substantially 
constant as long as the range over vhich the regulator will 
effectively function is not exceeded. 

9.03 Carrier system regulation is usually accomplished optionally 
for carrier channels employing single sideband suppressed 
carrier modulating techniques by transritting a reference 
power at carrier frequencies from both terminals. This 
reference power is usually received, amplified and converted 
to a D.C, vol'tage 'wliich controls the carrier receiver gains 
so as to compensate for line attenuation variations. If the 
line attenuation increased, for example, less reference 


*In non~regulated carrier systems the various gain controls on -the carrier 
equipment could probably be readjusted to improve transmission for this 
situation but whenever the line losses decreased to their original value 
these controls would again require readjusting to prevent singing from 
occuning . ^ 
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power -would be received at carrier tenanal. This would result 
in the development of a smaUer D.C. control voltage v;hich ’<ould, 
in turn, cause an Increased amplifier gain to compensate for 
the increased line attenuation. Transmitted reference powers 
can be the carrier frequencies -themselves transmitted at 
reduced levels, or lliey can be separate frecuencies in the 
carrier portion of -the spectrian. These separate frequencies 
are sometimes referred to as pilot diannei frequencies. 

9. Oil Carrier system regulati on is provided in some systems -which 
'utilize transmitted carrier techniques by amplifying the 
received carrier frequencies and converting them to D.C, 
control vol-lages in a manner similar to tliat given in Par. 


9.05 Carrj.dr system regvilatlon in frequency or phase modulated 

systems is inherently provided if satura-lion of the amplitude 
lijniters can occur. (Par. 7.05 and 7.06) If the carrier 
frequency attenuation of the line connecta-ng the carrier 
terminaj.s is not of sufficient magnitude to prevent limiter 
saturation no amplitude variations (wliich are a fimction 
of Ijnc attenuation) are ^ssed on to the ctl.scilminator 
circuit. Therefore, if limi-ting occurs, -the discriiiiinator 
circuits and hence the voice frequency net losses are not 
subject to the attenuation variations of lines at carrier 
frequencies. 

10 . COMPANDORS* 

10.01 Compandors are electronic devices available either optionally 
or as a built-in feature in some types of carrier equipment 
to economically reduce noise and crosstalk effects in situa- 
tions >diGre more than one carrier sys-tem with similar fre- 
quencies is opera-ti.ng over the same route. Compandor 
advantage can be expressed as increased crosstalk loss. 

10.02 As a quantitative example consider the situation -vdiere 
the measured far end cross-talk coupling loss between two 
•wire pairs is 1)0 db at the carrier frequencies to be 
utilized and like carrier channels are to be superimposed 
on both of -these wire pairs. With non-compandored carrier 

systems this crosstalk loss is probably not sufficient to 
prevent intelligible crosstalk from occuring between these 
carrier systems. If, however, compandored carrier systems 
are utilized on these wire pairs the compandor advantage 
in db can be added to the far end crosstalk coup]ing loss. 
With an assumed compandor advantage of 20 db in this example, 
the far end crosstalk coupling loss is effectively increased 
to 60 db, thereby preventing objectionable intelligible 
crosstalk between the two carrier systems. 


* '♦A Kinature Compandor for Oe 
^sterns” by F. S. Boxall ar 
Electronics, No. 10, Januai 
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10.03 The TiBe of compandors on carrier systems may result in the 

possibility of utilizing one or more higher frequency carrier 
systems on an open vri.re route transposed for operation of 
lower frequency carrier systertis only, since compandor advantage 
can be translated into a certain relaxation in transposition 
requirements. 

lO.Oii A compandoi' circuit for one direction of transmission consists 
of an electronic volume compressor circuit connected between 
the voice frequency input and the modulator circuit and an 
expander circuit connected betv:een the demodulator circuit 
and the voice frequency output at the opposite terminal. 

Strong voice frequencies pass through the compressor, into 
the modulator, over the wire pair to the opposite terminal 
as moduJated carrier frequencies, into the demodulator, and 
through the expander with little gain or loss attributable 
to the compandor. Weak voice frequencies, however, are 
amplified considerably in the compressor and attenuated a 
like amount in the expander. This amplification of weak 
voice frequencies, so tliat they are transmitted over the 
carrier wrtion of the circuit (between the compressor and 
expander) at a higlier level than intervening noise or cross- 
talk currents superimposed upon the wire pair linkiig the 
carrier tenrdnals partially accounts for the transmission 
advantage obtained from compandor opei'ati. on. In addition 
during idle conditions, such as a pause in the receiving 
conversation "viien interfering effects would be particularly 
annoying tlie action of the expander circuit is such that 
it presents a high attenuation (expander loss for weak 
signals) to the intervening noise and crosstalk induced into 
the carrier circuit. Compandor action in the opposite 
direction of transmission is performed in a manner similar 
to that described above. 

11. CARRIER REPEAl'ERS 

11.01 Carrier repeaters, .available for certain types of long-haul 
trunk and subscriber carrier eouicirent, are electron’’ ” 
de’vlces capable of amplifying carrier currents so a 

overcome high transmission losses 

applicaidon situations where the 

exceed the maximum recommended values for the particular 
carrier terminal equipment utilized or viiere non-coterminus^ 
cairier channels must have their levels balanced for crosstalk 
reduction reasons. (Par. 15 ‘OS) Some types of carrier 
repeaters are available for amplifying carider frequencies 
on an individual channel basis while otlier types are available 


^Vfliere two or more separate carrier terminal locations are such that 
their carrier currents must siiare portions of -the same route in connecting 
with another carrier terminal location. 
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fol? simtiltaneously amplifying carrier frequencies of a group 
of channels. Both regulated and non-regulated types of 
repeaters are available. 

11.02 Carrier repeaters usually consist of line filters, bandpass 
filters for separating the two directions of transnassion, 
separate amplifiers for both directions of transmission, 
and the proper type of power supply. No signaling or hybrid 
terminations are required since demodulation to voice fre~ 
quencies usually does not occur. In one type of repeater 

a modulator arrangement is pi’ovided in order to permit 
"frequency frogging." 

11.03 In a frequency frogged type of repeater a group of low fre- 
quencies representing the carrier information from several 
channels transmitted in one direction enters the caritLer 
repeater viiere it is translated to a higher position in 
the carrier frequency spectmim by a modulator, amplified 

and trien retransmitted to the next repeater or carr-ier tenr.inal 
as a group of high frequencies. Sijrilatly the group of high 
frequencies entering the repeater from the opposite direction 
are ti-anslated to a low group position for retransmitial to 
the next carrier repeater or terminal as a low group of fre- 
quencies. The translation from high to low and low to high 
frequencies at such repeaters (frogging) reduces the effects 
of interaction'^’ crosstallc in some situa'bions ■vdiile extensive 
slope equal! zation-K-K and slope reguiaiing netvrorks do not 
need to be provided in the repeater since the normal variation 
of line attenuation vdth frequency is equalized in an even 
number of repeater sections, assuming equal spacings, wea-ther 
conditions , etc . 

11, OU The East-West -and V/est-East conventions for directions of 
transmission normally utilized in carrier equipn^nt do not 
readily apply to carrier equipment employing frequency 
frogging due to the interchange of groups of frequencies 
at each repeater location. 

12. CARRIER PCWER SUPPLY CONSIDERATIONS 

12.01 In order to provide power for the various electronic circuits 
needed in carrier equipment it is necessary to supply direct 
currents at various voltages to tube elements such as ca^odes, 
grids, plates and various relays and either direct or alternating 


itCrosstalk resulting from mutual coupling between two paths by means of 

KrUrAn arrangement whereby more amplification is provided at higher cainer 
frequencies than at lower carrier frequencies due to the increase in 
attenuation of the transmission line as a function of frequency. 
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currents for the tube filaments . . Completely transistorized 
equipment reqra-res only direct currents at various voltages 
for the transistor elements since no filament power is needed. 


12.02 Common losthods of ooweririg trunlc carjier terminals urvler 

normal operati®.g conditions (equipment not on standby power; are 
summarised in the follovdng paragraphs. 

12.021 Filament ajid plate power (power to all tube elements 
except filaments will be considered as plate power) 
both supplied from a nominal 117V 60 c.p.s. source. 

The fiiajiient power is provided at a low AC voltage 
by means of a step-down transformer operated from 
the AC line, The plate power is also supplied from 
the AG line by means of a step-up transformer together 
with ■'Ka'cuum tube or metallic rectifiers and the 
proper filtering components. 

12.022 Filament power supplied from a 2ii or U8V central 
oi'fice battery and 130V DC plate power supplied 
from a 117V 60 c.p.s. source by means of suitable 
transibiTming, rectifying and filtering components. 

12.023 Fi lainejat power supplied from 2U or ij.8V central office 
battery and 130V DC plate power supplied from an 
additional bank of plate supply batteries charged by 
a reetlfier. 

12.02U Filament and plate power both supplied from the I|.8V 
central office batteries. 

12.03 Some trunk carrier systems can be wired optionallj'’ so that 
filament and plate power can be supplied from batteries or 
from coionercial alternating current soui’ces while other 
carrier systenssi can be powered from only the latter source 
with no wiring options. 

12,0ii Common iiie-Uiods of powering central office terminals o-f 

subscriber carrier systems under normal operatjjig conditions 
(equipment not ©n standby power) are the same as those 
described in P^r. 12.021 and 12«02I|. above'. 

12.05 The common metfeod of powering subscriber (remote) terminals 
of subscriber carrier equipment or central office terminals 
of such, equipaje'nt (in situations vhere it is necessary to 
provide laountic® arrangements external to the central office 
under normal operating conditions) is as given in Par. 12.021 
above . 
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12.06 Where standby power is to be provided for triuik and subscriber 
carrier systeros the type of standby equipment to utilize 

^iiili depend upon how the channel teiwinals are normally 
powered. Standby power equipment would be necessary for 
carrier terminals normally povjered by the methods given 
in Par. 12.021 and 12.022. Terminals normally powered from 
batteries such as descilbed in Par. 12.023 and 12.02ii woiid 
need no additional equipnent for operation under standby 
conditions . In order to prevent depletion of the desired 
busj'" hour reserve for central office batteries due to the 
operation of carrier equipment from these sources during 
standby conditions it is necessary that the total additional 
current drains of carrier tenrinals and conversion equipment 
be considered in the central office battery requirements. 

12.07 Where curler terminals are powered from coiomercial alternating 
current sources whose voltages vary over wide limits automatic 
voltage regulators may be required in oroer to assure long 
vacuum tube life. These regulators are usually supplied as 
optional equipnent for cai’rier terminals. 

CARRIER SIGNALTHG 

13.01 In addition to its ability to simultaneously transmit voice 
frequencies in both directions, a carrier systan must also 
provide the necessaiy^ features for transniitting and receiving 
the proper signaling infomation in both directions for 
initiating or terminating a telephone connection. 

13.02 Signaling functions for trunk carider systems are necessary 
for trananitting and receiving off-hooic and on-hook signals, 
dial pulses, and various supervisory tones so that proper 
telephone connections can be established between central offices. 

13.03 Signaling functions for subscriber carrier systems are necessary 
for transmitting and receiving off-hoolc and on-hook signals, 
dial pulses, the information for selecting the proper side 

of the subscriber line to which ringing power is to be applied, 
the application of ringing power at the correct ringing fre- 
quency at the reimote subscriber terminals and vai'ious super- 
visory tones SO' that telephone connections can be established 
between remote subscribers’ telephone sets and the central 
office. 

13.014 Off -hook, on-hook, dial pulsing, and ringing functions such 
as described above are generally transmitted and received 
over carider systems by any of the following methods or 
combinations of these methods: 
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13,0i|l Out-of-band voice frequency tones keyed on or off 
C frequencies above approximateily 3iiC)0 c>p«s<) to 
raodulate the carrier frequencies. 

13. 0^2 Iia-band voice frequency tones keyed on or off to 
modulate the carrier frequencies. (Frequencies 
below above 3^400 c.p.s.) 

13.0it3 Frequency shifting of in-band or out-of-b^d voice 
frequency tones or the carrier frequency itself . 

These tones, as well as those mentioned above, are 
sometimes further utilized for cander system regula- 
tion. (See Par. 9) 

13.0l4i| Interrupition (keying on and off) of transmitted 
carrier' frequencies. 

13,0lj^ By utilizirig separate cari'ier frequency transmitters 
and receivers whose operating frequencies do not 
conflict with those of the carrier terminals or 
carrier system regulators. 

13.05 Supervisory tones originating in the various central office^ 
can usually He transmitted simultaneously at voice frequencie 
in both directions over the carrier system itseli , except 
for certain types of trunk and subscriber line carrier equip- 
ment utilizing carrier interruption uechniques for off-hook 
and dial pulse signals vdiers simultaneous signaling in both 
directions of transmission is not required. 

13.06 In-band or out-of-band voice frequency tones are usually 
generated by voice frequency electronic oscillators vjhich 
are part of the carrier terminals. They are used for modulat 
ing the carrier frequency oscillator i n a manner similar to 
voice raoaulation (either amplitude or frequency) in accordanc 
with the on-hook, off -hook, dial pulse or ringing information 
to be transmitted over the carrier system. These tones can 
be keyed on or off when the carrier circuit is in either the 
idle or talking condition, depending upon the carrier system 
utilized and the connections desired for operation with the 
central office equipment. 

13.07 At the carrier receiver located at the opposite teminal of 
the system the tones described in 13»06 are demodulated, 
amplified, and converted to D.C. control voltages so that 
they cause a signaling or a ringing relay to operate at the 
carrier temiinal. This relay, in turn, operates relays in 
the central office trunking equipment or line circuits in 
accordance with the signaling information transmitted or , in 
the case of remote subscriber line carrier terminals, applies 
the generated ringing frequency power to the proper side 

of the lire to ring the called subscriber's telephone. 
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13«08 Most trunic carrier 'systems are normally supplied vri.th built-iji 
signaling fmictions for operating vath central office trunk 
circuits wired for E and M lead signaling. (REA-TE & CM 
Section 319) If trunk circuit terminations other than those 
foi ringdovni trunks or E and H lead signaling are to be 
utilized at central offices special pulse link circuits 
might have to be supplied to convert from E and M lead 
signaling to the type of signaling required for the central 
office trunking equipment. 

13.09 Most subscriber line carrier systems are normally supplied 
vri th built-in signaling functions for operating with con- 
ventional two wire d3.al or common battery manual telephone 
sets equipped with high impedance ringers connected either 
on a bridged or divided arrangement and conventional dial 
or common battery manual central office line circuits. 

Examples of signaling functions are given in Par. Hi. 

lii. CAKRIEH SYSTI1-: CPERATION 

IJ 4 .OI Tile previous paragraphs of this section have briefly described 
some of the principle components from which a carrier system 
is assembled. The following paragraphs will describe the 
manner in which voice and carrier frequencies are tran smiled 
by means of a carrier channel consisting of these components, 

E and M lead signaling by means for a trunk carrien channel, 
and dialing and full selective ringing functions for a 
subscilber earlier channel. 

llj.02 Fig. 5 shows in block diagram form one carrier channel without 
signaling superimposed on a wire pair between A and B. This 
wire pair is to be used as a transmission medium ior the 
basic physical circuit as well as the carrier derived voice 
circuit, therefore line filters are connected 'as shown. 

114.021 Voice frequencies to be transmitted by means of the 
physical circuit between A and B appear at the T 
and R leads of this circuit at A and are transmitted 
with a minimum loss through the low pass section of 
this line filter along the ware pair connecting the 
two locations, through the low pass section of the 
line filter at B with a minimum transmission loss 
and ap|>ear at the T and R leads of tliis physical 
circuit at B. Transmission by means of the physical 
circuit between B and A takes place in a similar manner. 
The line filter permits the use of both voice and 
carrier frequencies on the wire line without inter- 
action, as explained in Par. 2.03. 

114.022 Currents at voice frequencies to be transmitted over 
the carrier system between A and B, are applied to 
the T and R leads of the voice frequency dix)p con- 
nected to the hybrid ciremt at Terminal A. They 
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are coupled to the transmitting branch so as to 
rea the modulator stage vath the proper magnitude 
for the correct percentage of modulation. At the 
mo Kalawr stage the voice frequencies, assuming they 
to 2800 c.p.s., are mixed with a 
10 EE carraer frequency for this example. Sidebands 
are i,e^rated as explained previouslv and, decendirv? 
npora the aiodulatLng teclmique utilized, various ^ 

f the carruer frequency appear aL the modulator 
output, ^ fi In ttiis example it is assumed tliat 
the oxngle sideband suppressed carrier technique is 
the lover sideband to be transmitted. 

7.2 KC to 9.75 KC is 

amolxlied by the carrier frequency amplixier and then 
passed thir-ough the transmitting bandpass filter and 
the ha-gh pass section of the line filter with a 
nanuKom attenuation before reaching the carrier line. 

fhT/ the caiuler line to Terminal B 

this sideband IS passed through the high pass section 
filter ^d the receiving bandpass filter 
before^ bei^ amplified. After carrier frequency 
amplification the sideband enters the demodvilator 
stage vihere it is mixed vdth a 10 KC locally generated 
earner frecjuency. Among the resultant products of 
^mo^ation is tte original voice frequency band 
^ich ivas transmitted at Terminal A, ‘(par. 7,03) 
Currents of voice frequencies are then amplified 
before entering the receiving branch of the hybrid 
network., ^ey are then coupled to the two wire voice 
frequency drop by means of the hybrid circuit at B 

11*.023 Voice transmission from TeminaJ. B to Terminal A takes 
^ s^lar manner to that described in Far. 
114.022 except that a different carrier frequency (f2) 
IS used together mth transmitting and receiving 
andpas.s iilters whose passbands match the desired 
sideband to be transmitted. Therefore, transmission 
from Terminal B to Teminal A taites place over the 

hTlTll Terminal A to Teminal B, 

^t It IS in a completely different frequency range 
so as to preclude any interference from unwanted 
oscillations or other effects vdiich voMld result in 
various forms of distortion. 

114.021; Although Pig. 5 shows only one carrier channel 
superiiposed. upon a basic physical circuit it is 
possible xo stack a number of chaiinels with different 
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cai'J'ier operating frequencies upon a ■wire pair in 
a similar manner. The main difference between each 
stackable cliannel is in the operating frequencies 
and the bandpass filters utilized. Other stackable 
carrier channel terminals are usually bridged across 
the terminal side of the high pass section of the 
line filters as shown in Fig. 5. 

II 1 .O 25 Carrier signaling over the one channel system shov/n 
in Fig. 5 can take place by any of the methods given 
in Par. I 3 .OU depending upon whether the carrier 
system is for trunk or subscriber usage. 

lii .03 An example of trunk carrier operation with E & M lead signal- 
ing and separate carri.er frequency transmitters and receivers 
for signaling purposes (Par. 13«Oli5) is given below. Fig. 6 
shows a basic carrier system as describea in Pai". Il 4.«02 
together with the separate signaling transmit't ers and receivers. 
For signaling over the carrier system from terridnai A to B the 
calling party seizes the tr\mk equipment (REA-TE & CI'l, Section 
319 ) and energizes the D relay connected to the M lead at 
carrier terminal A. Closing the circuit into the transmitt- 
ing oscillator and amplifier at this location can either turn 
on or burn off signaling frequency f3> depending uyon whether 
the carrier system is to employ ’’tone on" or "tone off" 
during the idle condition. Assuming that "tone on >hen idle" 
is employed the energi zation of the D relay turns off carrier 
current at the f3 frequeiicy. At the signaling receiver at 
Terminal B this loss of f3 signal from Teimnal A actuates 
rglay c and places ground on the E lead^ vhich connects with 
the trunk equipment. Actuating the trunking equipnent in 
the central office associated vdth the A earlier temixul and 
subsequent dialing causes relay D to be pulsed in accordance 
viith the desired numbers to be dialed. This action causes 
the signaling transmitter frequency f3 to be pulsed on ^ 
off at the dialing rate and this information, in turn, is 
transmitted to B. At B the pulsing of f3 operates relay C 
at the dialing rate and alternately grounds and ungrounds 
the E lead connected to the trunking equipment at this central 
office. This action pulses the appropriate relays in this 
central office and completes the connection to the called 
party. Either ringback tone or a line busy signal are now^ 
transmitted from B to A over the T and R leads of the carrier 
channel, ^shenever the called party places his telephone in 
the off-hook condition the central office equipment at B 
energizes relay G in series >ath the K lead vhich, in turn, 
operates relay H at Terminal A thus grounding the E lead to 
t he trunk equipment and returning ansvrer supervision to the 
calling office. A call from B to A is made in a similar 
manner to that described herein. 
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lJi .031 Trunk carrier channels can also be obtained for 
ring'iiiDwn signaling applications and for special 
terniirja lions, but since E & M lead signaling is 
becoKing increasingly impoi’tant and receiving 
widespread use in the REA program no explanation 
of otlier methods of trunk carrier signaling is 
given to this section. 

lij.Oli An exans-ple of subscriber carrier signaling using full selective 
ringing and ciialing to the central office is given below: 

Fig. 7 shows a basic carrier system such as described in Par. 
lti«02 together with the required signaling functions to permit 
dialing from, tlie subscriber ten:iinal to the central office 
and full selective ringing from the central office to remote 
subscribers . 

111 . 01:1 For dialing over the carrier system a remote subscriber 
connected to the T and R leads at the subscriber 
termiiaal places his telephone in the off -hook condition 
in the normal nmnner. Ttiis action causes current 
from "the built-in I 48 volt talking battery supply of 
the terminal to energize relay A. Contact 1 associated 
vdth tills relay closes and permits cari'ier current 
at frequency fl to be transmitted from the subscriber 
temvliesal to the central office terminal of the 
channel. The receipt of carrier current at the 
demodulator (the receivers are on at all times) 
causee the signaling amplifier to actuate relay D 
vhich. completes a D.C* path through contacts 2 and 
Ij and -the hybrid network so as to connect T and R 
to the dentral office equipment. Either dial or all 
links Ibusy tone now appears at the T and R leads 
of the central office terminal. Since the carrier 
transmitter at this terminal is assumed to be 
•energilased at all times, thevse tones' are transmitted 
to the isubscilber teoiinal in a manner similar to 
that described in Par. 12.023. If dial tone is 
recei'wed at the subscriber terminal the calling 
subscriber now begins dialing the desired number. 

Relay A follows the dial pulses and alternately 
transnoLts and interrupts the fl carrier frequency 
by the action of contact 1 in accordance with the 
opening and closing of the subscriber loop by the 
dial pulses that are transmitted. At the central 
office terminal relay D is actuated in accordance 
luLth. tile pulsing incoming carrier frequency current, 
and causes pulsing of the central office switching 
equipraent. After dialing is performed either a busy 
or ringback signal is transmitted from the central 
•office to the calling subscriber. Whenever the 


- 21 : - 



REA-TE&CM“901 


called subscriber answers his telephone the tv;o 
way carrier talking circuit functions in the normal 
manner. Upon completion of a call the carrier 
frequency current transmitted from the subscriber 
terminal ceases whenever tiie remote subscriber . 

that had previously been utilizing the carrier system 
places his phone in the on-hook condition. IMs 
action disconnects the line circuit at the central ' 

office associated mth the carrier clianncl since the ! 
contacts on relay D again resume the position shown j 
in Fig. 7. j 

ll;«Olj2 Ringing from the central office to a remote carrier 
subscriber whose telephone ringer is connected 
between the R side of the line and ground is explained 
in this paragraph. Assume tlae relays associated 
with the subscriber carrier channel are in the position 
■i^own in Fig. 7» All phones connected to the sub- 
scriber tenninal are in the on-hook condition and 
there is no completed d.c. path bet-j^reen the central 
office teiminal of the carrier channel and the line 
circuit in the central office. A subscriber on 
another line an the central office or a subscriber 
in another office dials the number of a subscriber 
comected to the subscriber terminal of thfe earlier 
channel. Assume that this called subscriber has a 30 
c.p.s. ringer in his telephone set and that this 
ringer is connected between the R side of the line 
and ground. The ringing equipment located in the 
central office will apply 30 c.p.s. power between 
E side of the line and ground at the central offl.ee 
teiminal and vail also ground the T side of the line 
while ringing is occuring. This ringing current 
flows through Contact 1 on the D relay to a pad 
where it is attenuated sufficiently so as to provide 
the proper degree of modulation at carrier frequency 
f2 when applied together with the output of tone 
osc3.11ator f$ (applies power through contact $ of 
the D relay) to the modulator stage. The f2 carrier 
frequency, modulated simultaneously by the 30 c.p.s. 
ringing frequency and the f5 tone oscillator is 
transmitted to the subscriber terminal of the cairrier 
channel in the normal manner. At the subscriber 
ibezminal the demodulation process separates the 30 
c.p.s. ringing frequency and the f^ tone oscillator 
frequency from the carrier frequency. The ringing 
power output stage of this carrier terminal amplifies 
the 30 c.p.s. power to a magiiitude siifficient for 
operating conventional high impedance telephone 
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called subscriber answers his telephone the tvjo 
WEy caiud-er talking circuit functions in the noniial 
manner. Upon completion of a call the carrier 
frequency current transmitted from the subscriber 
terminal ceases whenever Uie remote subscriber 
that had previously been utilizing the carrier system ' 
places his phone in the on-hook condition. This 
action disconnects the line circuit at the central ! 
office associated >ri.th the carrier channel since the 1 
contacts on relay D again resume the position shown i 
in Fig. 7. 1 

lU -0142 Ri.nging from the central office to a remote carrier ^ 
subscriber whose telephone ringer is connected 
between the R side of the line and ground is explained 
in this paragraph. Assume tiie relays associated 
isd-th the subscriber carrier channel are in the position 
shown ixi Fig, 7* All phones connected to the sub- 
temiinal are in the on— hook condition and 
there is no completed d.c. path betx-reen the central 
office tenrdnal of the carrier channel and the line 
circuit in the central office. A subscriber on 
pother line in the central office or a subscriber 
4n another office dials the number of a subscriber 
connected to the subscriber terminal of the cari’ier 
channel. Assume that this called subscriber has a 30 
c.p.s. ringer in his telephone set and that this 
ringer is connected between the R side of the line 
and ground. The ringing equipment located in the 
central office vd.13 apply 30 c.p.s, povrer betv/een 
E side of the line and ground at the central office 
teminal and will also ground the T side of the line 
while ringing is occuring. This ringing current 
flows through Contact 1 on the D relay to a pad 
where it is attenuated sufficiently so as to provide 
the proper degree of modulation at carrier frequency 
f2 >hen applied together with the output of tone 
osci-llator f^ (applies power through contact 5 of 
the D relay) to the modulator stage. The f2 carrier 
frequency, modulated simultaneously by the 30 c.p.s. 
ringing frequency and the f5 tone oscillator is 
transmitted to the subscriber terminal of the carud-er 
channel in the normal manner. At the subscriber 
terminal the demodulation process separates the 30 
c.p.s. ringing frequency and the f5 tone oscillator 
frequency from the carrier frequency. The ringing 
|x>wer output stage of this carrier terminal amplifies 
the 30 c.p.s. power to a magnitude sufficient for 
operating conventional high impedance telephone 
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ringers. At the same time & d»c» bias voltage^ 
derived from the demodulation of the cairier fre~ 
quenty is applied to the Ringing Relay Circuit and 
utilized to operate the C relay. Tliis relay switches 
the T and R leads to contacts k and 2, respectively , 
and applies tlie 30 c.p.s. ringing power between 
either the T or R leads and ground^ depending upon 
the position of tlie contacts associated mth relay 
B« The position of the contacts of relay B will 
remain as showri in Fig. 7 as long as the f 5 tone 
oscillator pm/er is being received. Therefore each 
time that the 30 c.p.s. ringing power is applied 
between the R side of the line and ground at the 
central office teraiinal of the carrier equipment 
the ^ c.p.s. power is reproduced at the subscriber 
teimnal and relay C applies this power between the 
R side of the line and ground while grounding the 
T side since relay B is not operated. The action 
of these relays must be sufficiently fast so as 
not to shorten the duration of "short rings" vhen 
ringing codes are utilized. This ringing will 
continue until the called subscribor places his 
p^one in the on-hook condition, the calling subscriber 
hangs up or the circuit times out. Ringing power 
of any o^er frequency applj.ed between the R side 
of the line and ground at the central offjee carrier 
teiiTiinal would also be reproduced and applied to the 
R side of the line at the subscri.ber terminal in a 
similar manner. 

Ii4.0/t3 Ringing from the central office to a remote carrier 
subscriber vdiose telephone ringer is connected 
between the T side of the line and ground is explaiiied 
in this paragraph. Assume the relays associated 
with the subscriber carrier channel are in the 
position shown in Fig. ?• All phones coimected to 
the subscriber terminal are in the on-hook condition 
and there is no completed d.c. path between the 
central office terminal of the carrier channel and 
the line circuit in the central office. A subscriber 
on another line in the central office or a subscriber 
in another office dials the number of a subscriber 
connected to the subscriber temD-pal of the carrier 
^annel. Assume that this called subscriber has a 
4O c.p.s. ringer in his telephone set ar»i that this 
ringer is connected between the T side of the line 
and ground. The ringing equipment located in the 
central office will apply kQ c.p.s. power between 
the T side of the line and ground at the central 
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office carrier terminal and will also ground the 
R side of the line vhile ringing is occurring . 

This ringing current flows through contact 3 on the 
D relay to a pad v;here it is attenmted sufficiently 
so as to provide the proper degree of modulation at 
carrier frequency f2. In addition, a portion of 
this ringing current flows throu^ capacitor C to 
d.c. relay E where it is rectified and used for 
energizing this relay. Operation of relay E results 
in the disconnection of the f5 tone oscillator from 
the modulator stage. Therefore the f2 carrier fre- 
quency, modulated by only the hO c.p.s. ringing fre- 
quency, is transmitted to the subscriber teiminal 
of the carrier channel in the normal manner. At the 
subscriber terminal the demodulation process separates 
the ijO c.p.s. idnging frequency from the carrier 
frequency. The ringing power output stage of this 
carrier terminal amplifies the c.p.s. pov/er to 
a magnitude sufficient for operation of conventional 
telephone risers. At the same tijne a d.c. bias 
voltage, derived from the carrier demodulation 
process, is applied to the Ringing Relay Circuit 
and utilized to operate the C relay. This relay 
switches the T and R leads to contacts [4 and 2, 
respectively, and applies the [|0 c.p.s. ringing 
power between either the T and R leads and ground, 
deoending upon the position of the contacts asso- 
ciated Tf/ith relay B. Rela/ B now operates due to 
the absence of f5 tone at the Ringing Selector 
Circuit shown in Fig. 7* When Relay B operates 
due to the absence of the f5 tone frequency the 
position of the contacts associated with it will 
switch so that the T side of the line will now be 
connected through contact 3 on this relay to the 
ringing power output vhile the H side of the line 
will be connected to ground by means of contact 2. 
Therefore each time that the 1)0 c.p.s. ringing 
power is applied between the T side of the line and 
groivnd at the central office terminal of the carrier 
equipment the tone is turned off and the I4O c.p.s. 
power modulates the carrier frequency and is repro- 
duced at the subscriber terminal. Relay C then 
applies this power between the T side of the line and 
ground since relay B was made to operate by training 
off the f5 tone in the central office tenninal. 

Ringing power of any other frequency applied between 
the T side of the line and ground at the central 
office carrier terminal would also be reproduced and 
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applied to the T side of liiie at the subscriber 
terminal in a. sindLlar manner* 

llt.Oitij The action of relay E the central office terniinal 
ancir relays B and C in the subscriber terminal must 
®^^‘iciently fast so as not to sijorten the duration 
01 short rings" when ringing codes are utilized. 
However, the T or R selection of the line at the 
subscriber tenninal for ringing must be mde before 
ringing power is actually applied to the line so 
that this power vdll only be applied to the desired 
side of the line. This prevents bell tapping and 
other undesirable effects in fall selective ringing 
systems. ^ ^ 

In order to provide ring tiipping with the signaling 
systm described hei'ein the called subscriber cormected 
to the subscriber terminal of the cai-rier system whose 
phone is ringing places his phone in the off -hook 
condi.tion. Since at the cessation of eacli application 
of ranging povrer relay C assumes the posiUon shown 
in Fig. 7, a phone in the off-hook condition will 
then actuate relay A vhich opens contact 2 of this 
relay to disconnect the demodulator output to the 
ringing system of the carrier tenmiml thus prevent- 
ing a:iy further operation of the ringing power 
output and relays B and C. This action pr'events 
^ fui’ther application of ringing power to the 
line connected to the subscriber teminal. At the 
s^e time, the actuating of relay A also permits 
the transmttal of carrier frequency current to the 
central office terminal vrfiiich^ as described ore- 
vi^sly (Par. 12 .OU) actuates relay D and provides 
a. »c* path for the T and R leads into the switching 
equipment thereby tripping the ring in the central 
office in the normal manner. This action of relay 
D also disconnects the pads, relay E and the f5 tone 
oscillator from the modulator circuit whenever the 
subscilber carrier channel is in talking condition. 

Tills ty^ of ring tripping only operates during the 
silent interval between successive applications of 
ringing power • Other subscriber carrier syst^s 
available to provide instantaneous ring tripping 
during any portion of the ringing cycle, if desired* 

li*.0i(6 Revertdve calling by subscribers connected to the 
far tenuinal of the subscriber carrier channel is 
handled in the normal manner by the central office 
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switching Gqiiijanent. No special telephone 
sets or ringing arrangements in the central 
office are needed for revertive calls handled 
by this type of carrier system. 

li**05 The above brief descriptions of two possible methods of 

operating trunk and a subscriber carrier channels is given 
for information pur-poses only in these examples and do not 
represent any preferred methods for providing such operational 
features. 

15 . CARRIER TRANSI'IISSI ON CCNSIDEEtATIONS 

15*0J Carrier transmission is a verj' complex subject and it is only 
possible to discuss some of its more general aspects in this 
section. The greater attenuation of various types of wire 
facilities at carii-er frequencies and the increased possi- 
bilities for crosstalk due to the use of frequencies higher 
than those used for voice transmission together with the 
higher gains afforded by electronic amplifying equipnent in 
carrier receivers provide some of the complexities associated 
with this type of transmission. On the other hand, properly 
engineered carrier facilities usually supply derived circuits 
with adequate voice frequency response and a minimum of 
circuit noise. 

15*02 In carrier transmission DBM values are usually used to measure 

poner transmitted and received. Zero level in DBIi Is referenced 
to a power of 1 milliwatt developed in a 600 ohm load. Plus 
values of dbm indicate a power greater than zero reference 
level (1 milliwatt) while minus values of dbm indicate a power 
less than 1 inilliv;att. 

15.03 As an example of powers used in a carrier system assume that, 
a 1000 c.p.s, test tone at 0 dbm (l milliwatt in 600 ohms) 
is applied to the two wire voice frequency drop of 'leiminal 
A shoirm in Figiu’e 5 * Again assuming a single sideband 
suppressed carrier modulating technique this test tone 
would modulate the carrier frequency and provide a carrier 
frequency sideband for transmission over the wire facilities. 
This sideband would appear on the line side of the line 
filter at Terminal A with a power of / 15 dbm. While being 
propagated to Terminal B the sideband is attenuated 35 db 
by the wire facilities. This attenuation depends upon the 
loss at carrier frequencies of the various facilities over 
\diich the carrier currents are transmitted. (Par. I5,0ii2) 

It therefore arrives as received power of -20 dbm at the 
line side of the line filter at this teiminal. It is assumed 
that this received power is within the minimum allovmble 
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SL^ntiJTthf eq^Pnent utnizedl This sideband 

^en ent«is the earner receiver where it is amplified « + 

r-equency, demodulated, and the resultant 1000 c p s 

- rif 

a tra^snAWtagyif on5'’LJTrecSvS" gS 

^quencxes «Hs 3$ db it was still possible to derive a 

= S F— - 

(See Par. b. 05 ') 

The length of line facilities over which it is 

SSl.^^^t^^stotoVr 


is.oia 


to the equipront 

narlSdtilowf ‘t«>»lssion are sum- 

1- The type of modulating technique utilized. 

2. The maximum transmitting output. 

3. ^ mi^mma receiving input so as to assure an 
adequate speech-to-noise ratio. 

*“ S°i^e5.°'' automstio gain control 

S. Whether or not compandors are used. 

Pat-tioular 

7- level settings for minimizing crosstalk in 
Situations where more than one carrier systan 
«xth similar operating frequencies and sidebands 
shares a portion of the saae vrire circuit route 
or routes. Level coordination is discussed in 
greater detail in Par. 15.06. 
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8. The carrier and voice frequency balance to 
ground for carrier terminals and associated 
filters . 

I5«0it2 Some of the factors pertaining to the line facilities 
\hich affect carrier transmission are summarized 
below: 

1. The attenuate. on at carrier frequencies of the open 
vnre pair or pairs during varicais conditions of 
weatiier and temperature* 

2. The attenuation of cable pairs at carrier fre- 
quencies during various conditions of teiaperature • 

3. Impedance mismatches between different types of 
wire facilities. 

U. The amount of carrier frequency noise \rfiich may 
be present on this vdre pair during various times 
of the year. This noise can be due to summer 
static, precipitation static or electric supply 
transmission lines. 

5. The amoiint of crosstalk loss achievable by the 
transposition system on the open wire routes 
and between the cable pairs in situations where 
more than one carrier system with similar 
operating frequencies and sidebands shares all 
or a portion of the same open wire and cable route. 

6» Increases in attenuation attributable to absorption 
peaksiJ- in some situations ^here carrier channels 
are operated at frequencies higher than those for 
vMch the transposition system was designed to 
function properly. 

7. Increases in attenuation attributable to untreated 
open circuited taps on open wire or cable pairs 
used for carrier transmission. Thd-s situarton, 
viiich can frequently occur in subscriber carrier 
layouts, sho\ild be prevented by means of the proper 
filter or termination arrangement, 

l^.Ohy As an example of a carrier system transmission 

calculation consider a situation where it is planned 
to operate a three channel trunic caririer system. 


*An excessive transmission loss at a particular frequency or range of 
frequencies relatively close to fnis frequency caused by crosstalk coupling 
into surrounding wires or earth and back again in a phase wlii ch opposes 
the original transmission. 
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I'ihose top frequency is IjO KC, between central offices 
A and B, which is a distance of 25 miles • It is 
planned that the carrier circuit will consist of 
one mile of 22 gauge paper insiilated non-loaded 
entrance cable connected to each central office and 
23 miles of 080 30^ conductor transposed to tlie 

R1 system with 12 inch spacing between wires. 
Referring to Table I of Section h06 of the REA 
TE & CM it is seen that the attenuation of each 
length of entrance cable at 1^0 KC is 7*3 db/ml. 
Referring to Table II of Section U06 it is seen 
that the wet weather attenuation of the oj>en wire 
portion of ttie circuit at IjO KC is 0.1i2 db/itd. If 
impedance matching devices are used between the 
carrier terminals and the entrance cables as well 
as between the entrance cables and the open vdre 
pairs losses due to reflections are minimized 
but these devices as well as line filters also 
introduce some loss at carrier frequencies. There- 
fore the total calculated wet v/eather loss at i^O 
KC for the circuit between central offices A and 
B is summarized below: 

i mi. 22 ga, cable at 7«3 db/mi. 

23 mi. 080 CVJ 30% conductor at 
0.h2 db/mi. 

1 mi. 22 ga. cable at 7»3 db/mi. 

Assumed losses due to line filters 
and impedance matching devices 
at hO KC 

Total attenuation at LP KC 

The carrier system should meet transraisss '^n require- 
ments if the total attenuation as given ^ve does 
not exceed the manufacturer's recommended line loss 
at carrier frequencies for the particular type of 
eqiiipment to be utilized. In this situation the 
transposition system is one that does not have any 
excessive absorption p)eaks in the planned carrier 
freq'uency range (REA-TE & Cl'l Section 661, Addendum 
No. 1) and there are no taps on either the open wire 
or cable portiozis of the carrier route. 

l5.0i{ii Impedance matching devices are used to minimize 
reflection losses caused by interconnecting tw 
different types of conductors, such as cable con- 
ductors to op>en wire conductors. At cairier fre- 
quencies the characteristic impedance of 12 inch 


= 7.3 db 

■= y.7 db 

« 7.3 db 

1.0 db 
= 25.3 db 
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spaced open wire copper or copper clad conductors 
is nominally 600 ohms viiile the characteristic 
impedance of cable pairs is nominally 135 ohms* If 
conductors such as mentioned above were intercon~ 
nected without using impedance matching devices 
reflection losses would result and an uneven attenua- 
tion vs. frequency char-acteristic would occur over 
the wire fa/jilitics throughout the carrier frequency 
range. Adjustment of carrier system gains Kiay 
compensate for this increased attenuation at certain 
carrier frequencies without the necessiby for impedance 
matting- If more than one carrier system employing 
similar frequencies is operating on a wire route, 
however, impedance matching should be considered so 
as to reduce reflection effects which result in 
reflected near-end carrier crosstalk possibilities. 
Impedance matching is usually accompli. shed by the 
use of transformers having the pi'oper turns ratio. 

These transformers are usually available for office 
mounting or in the same pole-mounted, electrically 
protected weatherproof housings used for line filters 
(Psr. S.Ollj) in situations where impedance matching 
of cable and open wi-re circuits is a necessity. 


15*05 Transposition systems are utilized on open wire routes to 
reduce line noise due to the inductive influence of povrer 
lines Tshich may parallel the telephone route, to reduce noise 
due to atmospheric disturbances and to reduce voice or carrier 
frequency crosstalk caused by inductive effects of other 
circ^^its on the same telephone route. Assuming that the 
recommended majd.Bium carrier frequency transmission loss is 
not exceeded betvreen carrier terminals, between terminals 
and adjacent repeaters, or between repeaters the number of 
carrier channels that cam be superijuposed upon wire paii’s 
arranged for a particular transposition system depends upon 
the following: 


1. Tha far end crosstalk coupling loss achievable between 
various wire pairs at the operating frem rtf* 

carrier channels. 


2. Tbe number of frequency coordinate d<J- ct 
utilized. This does not infer that noi 
dimted carrier systems cannot be utilj 


♦Stackable carrier systems ^ch utilize exactly the s 
and receiving frequencies. In addition some types ol 
are available ;iith one frequency allocation staggerec 
a second frequency allocation so than these systems c 
the same route without mutual interference in situati 
crosstalk loss between coordinated systems may be ins 
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wire route Siince the crosstalk loss between certain 
wire pairs may be sufficiently high so as to permit 
such an application although the total number of carrier 
channels that could be provided under such an arrange- 
ment may be reduced some^^ 4 lat. 

3. V/hether or not the carrier systems utili.ze compandors. 

i;. ^ether or not significant absorption peaks are present 
in the frequency range of the carrier equipment to be 
utilized. 

Whether or not level coordination is utilized for carrier 
channe].s sharing all or portions of the saisie open >rire 
routes. See Par. I5.O6. 


15*051 'PTMsposition systems for carrier operation usually 
utilize eight or twelve inch spacing between vdjt’es 
of a pair with either tandem or point type trans- 
position brackets. 


15.052 


Various types of existing carrier transposition 
systems are usually effective for carrier systems 
whose top frequencies do not exceed 30 KC or 15D 
KC. 30 KC transposed lines are usually suitable 
for the proper operation of one or two additional 
compandored carrier systems vhose top frequency 
does not exceed 1 ^ KC. The new REA -1 transposition 
system described in Section i|63 of the REA-IE & CM 
is _sia table for operation of several cariler systems 
350^KC^ subscriber) at freouencies up to 


15.053 


I5.051i 


transposition systsns such as the R 1 
a^2, have several wire pairs upon which stackable 
carider ^^els can be superimposed. Details as 
field of use of these transposition systems 
4^^ Section 66I of the REA-TE & CM and 

Addendum No. 1 to that Section. 

In situations where carrier channels are operated 
at frequencies higher than those for which the 
^Msposition^stem was designed absorption peaks 
^ occur. The range of frequencies where 
Significant increases in attenuation caused by 

apt to occur depend upon the 

ofTn^ span lengths 

No. 1 .location 

661 of the REA-IE & CM pixjvides informaUon as to 
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■where absorption peaks occvir on some voice frequency 
transposition systems which are also some tines used 
for carrier transmission. It is considered good 
practice to avoid the use of any carrier channels 
idiose frequencies ai*e subject to ■this effect since 
very high transmission losses can result over certain 
frequency ranges due to ttiis phenomena. 

15*06 Application situations sometimes arise where one or more 
carrier systems are superimposed upon portions of an open 
wire route together with other carrier systems ■vath similar 
frequency allocations which use longer portions of this 
routs. Such a situation is shorn in simplified foiui in 
Fi.g. 8 for two carrier channels transi.dtting from loca'tLons 
A and C to loca^tion B. These application situations can 
also occur ^here the carrier equipment for the shoi'ter 
circuit is located at loca-tion X in lieu of loca^Hon C. 

Situations such as described above can occur on 
tnink cai'rier routeSj subscriber carrier routes 
or on combination trunk and subscriber carrier 
routes. The latter situation applies where portions 
of the trunk carrier route are also utilized for 
extending subscriber loops by means of subscriber 
carrier equipment. 

15.062 With reference to Fig. 8 it is assumed tliat the 
same transmitting frequencies and power outputs 
are utilized for the carrier terminals at locations 
A and C, and that impedance matching is provided 
bet^ween these terminals and the entrance cables 
and between the entrance cables and the open wire 
routes. If, under the above conditions, the amount 
of power reaching loca-tion X from the carrier trans- 
mitter at the A location was nieasured during wet 
weather conditions it -would be approximately -6.6 dhsn. 
Similarly, if the amount of poorer reaching location 
X on the wire pair from location C was measiired 
dxiring the same weather conditions it would be 
approximately / 0.5 dbm. At loca-tion B -the amount 
of poxrer received from location A -would be approxi- 
mately -16. 8 dtffli, wliile the amount of power received 
from location C would be approximately -9.7 dbm, 
again assuming the same w^et weather conditions. From 
the above it can be seen that under wet weather con- 
ditions -there is a carrier level difference of 
approximately 7.1 db between the two wire pairs on 


- 35 - 




HEA-TES-CM-901 


the portion of the route from X to location B. The 
dry veather level difference between triese two circuits, 
aasuming that the carrier transKiiitting powers, cable 
attenuation and impedance mat end ng characteristics 
of the transformers, etc. I'emai.. tuichange.i, are a 
function of tlie open wire losses and would be 
approximately 6.8 db for this exaraple . The variation 
in level differences oetween >ret and dry weather 
condi-tions can thus be attributed to the lower 
ax-tenuatlon of the open wire lacdlities during dry 
weather. Differences in attenuanon in the cable 
circuits as a result of tenperaLure changes may also 
contiibute to level differences but were not considered 
in tnis example. It was further assumed in this 
example that both carrier routes were subject to the 
same vjet or drj'- weather conditions throughout their 
entire length. 

15'»063 Level diffei’ences sitrilar to those described above 

>all also occur for otlier cannier channels operating 
on these routes in both di.rections of Lransmissdon. 

The magnitude of tliese level differences 1hat will 
occur for various cliannels, assui/dng that the carrier 
transmitting powers and Impedance matching character- 
istics of the transformers, etc. remain unchanged, 
are a function of tJie transr.iission losses of the 
cable and open vdre facilities at carrier frequencies 
and v/ill vary due to wet and dry weather effects upon 
open wire lines, temperature effects on cable, etc, 

15.064 Differences in level along a oai*rier route with like 
systems on two or more wire pairs result in reduced 
crosstalk loss for the transposition system’ utilized. 

The magnitude of the reduction in crosstalx loss that 

occurs is a function of the amount of level difference 

and the length oi the circuit (degree of exposure) 

over which the level difference exists. In order to 

reduce the possibility of crosstalk ior the example 

given in Fig, 8 the transmit output power 

carrier terminal at location C uni'll n' 

reduced. The new transirdt p'" 

vdiich would give a suitable 

the crosstalk loss under W 

conditions for ^lich coordj 

In tills example the transnu 

location C would be reducec 

would result in a new trane 

Under this arrangement thei 
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of approximately 0.1 to 0,2 db in received levels 
viien the attenuation at canier frequencies varies 
due to wet or dry weather conditions . 

15.065 Other possible methods for increasing the crosstalk 
loss in situations where level differences occur, 
provided that the crosstalk loss is not sufficiently 
high to begin with, TOuld be by the use oi compandored 
equipnent (Par. 10) or by the installation of cai’rier 
repeaters at locations such as X for the A-B carrier 
sfiown in Fig. 8, The use of repeaters in level 
coordination situations should only be considered 
in carrier application situations when all other means 
of providing such coordination are not technically 
feasible . 

I5.0b6 pie effectiveness of any transposition systan 

in minimizing intelligible crosstaU< can only be 
realized when coordinated levels are provi.ded in 
situations vhere like carrier systems are superimposed 
upon various open vdre pairs along a route. 

Similarly, coordination of levels should also be 
provided for carrier systems employing frequency 
staggering arrangements in similar situations in 
order to minimize unintelligible crosstalk. 
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